SUMMARY Immunisation of ddY mice with the purified ribosomal fraction of Neisseria gonorrhoeae was found to protect against intravaginal challenge with homologous organisms. This protection correlated with the presence of bactericidal antibody to purified ribosomal fraction in serum as well as in vaginal secretions. Analysis of the vaginal fluids from control mice and those immunised with purified ribosomal fraction showed that the enhanced elimination of gonococci in immune mice might be because of an early response of leucocytes generated by the reaction mediated by antibody and complement. Absorption studies showed that there was at least one major protective antigen in purified ribosomal fraction, other than cell surface substances such as lipopolysaccharide, outer membrane proteins, and pili. Bactericidal assays mediated by antibody and complement showed that matched samples of serum and vaginal fluid from immune mice had comparable gonococcidal activity, which was augmented by the effect of progesterone. Although delayed hypersensitivity was produced in immune mice that were resistant to N gonorrhoeae, the exact role of cellular immunity could not be clarified in this study. These results suggest that antibody to purified ribosomal fraction plays a major part in protection against gonococcal infection in the genital tract, and that such protection may entail both cellular immunity and hormonal changes.
Introduction
The development of practical models of infection with Neisseria gonorrhoeae in laboratory animals' 2 and in chimpanzees3 has appreciably advanced our understanding of the immunobiology of this organism. We have reported a mouse model for the study of gonococcal genital infection,4 and showed that female ddY mice were sensitive to genital infection with gonococci during the preovulatory period of the oestrous cycle. In recent years, the subcutaneous chamber model in guinea pigs has been the most widely used to monitor the immune response to gonococcal infection.56 Although the subcutaneous chambers are sites at which humoral immunity to experimental infection can be analysed, the site of infection is very different from that of natural infection in man. One of the important factors affecting the susceptibility to enhanced infection in women is the effect of reproductive hormones in the genital tract.7 Our previous work using the mouse uterus as the site of infection showed the preovulatory stage to be the most suitable for intravaginal inoculation of gonococci, because at this stage the effects of polymorphonuclear leucocytes and progesterone are absent.
The present study was undertaken to investigate the genital immune responses in mice immunised with ribosomal vaccine.
Materials and methods

MICE
Female ddY mice 5 to 6 weeks old (Shizuoka A,gricultural Cooperative Association for Laboratory Animals, Shizuoka, Japan) were used for all experiments. They were fed a commercial laboratory animal diet and water ad libitum. The stages of their oestrous cycles were determined by conventional vaginal smear techniques8 9 as reported before. 4 have been described previously. 4 Gonococci were passed serially through mice to maintain their virulence. They were also cultured on GC agar base supplemented with isovitalex (BBL, Microbiology Systems, Cokeysville, Maryland, USA) for about 20 hours at 37'C in a moist candle jar. Identification of cultures of N gonorrhoeae by colony morphology, oxidase reaction, and Gram stain was confirmed by sugar fermentation tests. Gonococci from plates with more than 95"lo type 2 colonies, as determined by the technique and criteria of Kellogg et al,I' were used for challenge. Organisms were preserved by the gelatin disc method as described by Yamai et al. " We grew gonococci for experiments in liquid medium containing 2% (w/v) tryptose (Difco Laboratories, Detroit, Michigan, USA), 0-4% dipotassium phosphate, 0-1% potassium biphosphate, 0 5%o sodium chloride, and 0* 1%7o soluble starch (Difco). After autoclaving and immediately before use we added 1% (w/v, final concentration) glucose, 0 040o sodium bicarbonate, and 0 01%o cocarboxylase (thiamine pyrophosphate chloride, Sigma Chemical Co, St Louis, Missouri, USA) and sterilised the medium by filtration through a type HA 0 45 ,m grid membrane filter (Millipore, Bedford, Massachusetts, USA). Broth cultures were grown at 37'C with continuous revolution after the culture bottle had been tightly capped with a rubber stopper.
PREPARATION OF THE PURIFIED RIBOSOMAL VACCINE
We prepared the ribosomal vaccine by the method of Kita and Kashiba,'2 and purified it by affinity chromatography using Sepharose conjugates of antibody to outer membrane complex as previously described.'3 Briefly, the antigens that cross reacted with antibodies to outer membrane complex were removed from the ribosomal fraction by passing it over a 15 ml column containing conjugated Sepharose 4B. The fraction was then pooled, dialysed, lyophilised, and stored at -700C until used. The ribosomal fraction obtained by affinity chromatography was designated the purified ribosomal fraction. Antiserum to purified ribosomal fraction prepared in rabbits did not react with envelope components of N gonorrhoeae strain PH2 in the immunodiffusion test.
The ratio of ribonucleic acid (RNA) to protein was 2:14, and endotoxin was not detected by a limulus lysate coagulation test. The 2-keto-3-deoxyoctonate was not detectable in the purified ribosomal fraction by the method of Karkhians et al. '4 GONOCOCCAL INFECTION IN THE GENITAL TRACT Gonococci grown in the liquid medium were suspended at a concentration of 108 colony forming Eiji Kita and Shuzo Kashiba units (cfu)/ml in trypticase soy broth prewarmed at 37°C, and kept at 370C until inoculated. The gonococcal suspension (0-01 ml) was inoculated into the vagina with a sterile tip on a micropipette (Pippetman) as previously described.4 Mice were inoculated in the late proestrous or early oestrous stages, and one week after inoculation were killed for cultures of uterine specimens. The uterine bodies were removed, resected, and homogenised in 0-1 ml sterile trypticase soy broth. The homogenate was centrifuged at 100 x g for five minutes to sediment cell debris. The supernatant (0 05 ml) was cultured on GC agar plates with and without 1 %0 VCN (vancomycincolistin-nystatin). After overnight incubation at 370C in a candle jar, the colonies formed on plates were identified as N gonorrhoeae by Gram stain and oxidase test, and their identity was confirmed by a sugar fermentation test.
PREPARATION OF ANTIGENS USED FOR PHA
Outer membrane was isolated by the method described by Wolf-Watz et al. 15 Crude outer membrane fraction obtained by centrifuging at 280 000 x g for 70 hours using sucrose density gradient (651o-40%) was pooled after centrifuging several times, and was lyophilised after dialysis. Gonococcal pilus preparation was isolated by the standard purification method described by Brinton et al. ' Our previous work showed that an inoculum size of 106 gonococci was optimal for the production of uterine endometritis in mice, and that the infectivity, as measured by the percentage of culture positive uterine specimens one week after challenge, was almost 100%, regardless of the stage of the oestrous cycle. In this study the minimum inoculum dose required to establish uterine endometritis in mice was found to be 10' cfu in the late proestrous stage (data not shown).
Mice were immunised subcutaneously with different amounts of purified ribosomal fraction and intravaginally challenged 10 days after immunisation with 106 cfu of strain PH2. Table I shows that the minimum effective dose required to achieve 90%o protection was 40 ,ug per mouse. These findings were true of the bactericidal activity of vaginal fluid, and the degree of bactericidal activity in it was a little higher than in serum. Protection was paralleled by the bactericidal activity in samples of serum and vaginal fluid. These data indicated that vaginal fluid as well as serum from mice immunised with purified ribosomal fraction had sufficient bactericidal activity to reduce infectivity. The fact that the degree of bactericidal activity changes with mouse oestrous cycles, however, might suggest that gonococcidal activity, which was conferred by antibody to purified ribosomal fraction, entailed hormonal activity. Table III shows absorption study results with appreciably reduced bactericidal activity in both samples after they had been absorbed with purified ribosomal fraction. Absorption with lipopolysaccharide, pilous, or outer membrane antigens did not affect the bactericidal activity of either sample. This strongly indicated that purified ribosomal fraction was one of the major antigens capable of evoking the gonococcidal antibody that was secreted into the genital tract.
ANALYSIS OF CELLULAR RESPONSES IN THE GENITAL TRACT
To assess initial changes in the genital tract of mice immunised with purified ribosomal fraction or saline, we studied vaginal polymorphonuclear genital infection but the response of polymorphonuclear leucocytes in the vagina of this mouse strain was poor compared with reactions in the other two strains. This ddY strain was originally produced in West Germany and imported to Japan. We have no genetic information on this strain, but it is very susceptible to bacterial infections such as salmonellosis and listeriosis. The activity of complement in the serum of ddY mice has not been examined in detail. The haemolytic activity of whole complement for sensitised sheep erythrocytes can be measured, but the characteristics of each component are less well understood. It has been reported that mouse strains which lack the fifth component of complement (C5-) are more susceptible to gonococcal infection. '9 In this study we saw that the peritoneal macrophages activated by the crude ribosomal fraction of gonococci showed an immediate uptake of gonococci because of the presence of lipopolysaccharide, unlike the C5-macrophages which, although they were activated, showed a less efficient rate of phagocytosis. Because of these findings the ddY strain was not thought to be C5-.
The most important factor affecting the infectivity of the gonococcal strains used in this model is the preservation of the gonococci (TI or T2) by the gelatine disc method." We have examined 30 gonococcal strains (Tl or T2) and have shown that only strains preserved by this method can survive in the mouse uterus. Strain PH2, which was used in this study, was not different from other T2 gonococcal strains, except that it had been preserved by the gelatine disc method since its isolation from the patient.
Immunisation with 40 Ag purified ribosomal fraction could not completely inhibit gonococcal invasion of the uterine epithelial layer, but gave 90%o protection. Cooper et al20 21 reported that protection against subcutaneous infection with N gonorrhoeae in guinea pigs correlated with the presence of bactericidal and agglutinating antibodies in the serum of immune animals, and that lipopolysaccharide was the major antigen responsible for the bactericidal activity seen in serum immune to ribosome.6 In the present study the ribosomal fraction was purified by affinity chromatography using antibodies to outer membrane complex conjugated to Sepharose 4B to remove contaminants that react with outer membrane proteins and lipopolysaccharides. Mouse serum-with antibodies to purified ribosomal fraction did not react with gonococcal lipopolysaccharides or outer membrane complex preparations in the immunodiffusion test, and gave one major line of precipitation against purified ribosomal fraction preparation. The results of bactericidal assays have shown that vaginal fluid had higher levels of bactericidal activity than matched serum from immune mice. Samples of serum and vaginal fluid from control mice in early metoestrous or dioestrous stages had low, but detectable, bactericidal activity, although those from control mice in late proestrous or early oestrous stages had no detectable bactericidal activity.
The bactericidal activity of vaginal fluid from control mice in the dioestrous stage was comparable with that from immune mice in late proestrous or early oestrous stages. Infectivity in control mice at the dioestrous stage, however, was significantly higher than in immune mice at late proestrous or early oestrous stages, when control mice were the most susceptible to gonococcal infection. This finding indicates two possibilities. The first is that antibody to purified ribosomal fraction may serve as an opsonin and enhance the uptake of gonococci by polymorphonuclear leucocytes. Although it is uncertain whether antibodies to microsomal antigens (such as antibody to purified ribosomal fraction) can react with intact bacteria, the effect of reproductive hormones (especially progesterone) has been reported to enhance cell leakage resulting from the binding of progesterone by membrane proteins and phospholipids. 22 This phenomenon may lead to the direct interaction between ribosomal substances and antiserum to purified ribosomal fraction. We based this theory on our preliminary study which showed that the incubation with progesterone of N gonorrhoeae labelled with 3H-uracil enhanced the release of 3H-labelled RNA or nucleotides from cells (unpublished observation). The second possibility is that the expression of protection in the mouse may entail EijiKita and Shuzo Kashiba non-humoral defence mechanisms. In man, antigonococcal antibodies in genital secretions belong to immunoglobulin G and A, and an appreciable amount of specific IgG is produced.23 Our previous work showed that antibody to gonococcal purified ribosomal fraction was of the IgG class.'3 The absorption tests showed that the higher gonococcidal activity of serum and vaginal fluid obtained from immune mice was attributable to the presence of antibody to purified ribosomal fraction. There is a great difference between the genital tract and the subcutaneous chamber in the major antigen responsible for the bactericidal activity of fluids obtained from the site of inoculation. 6 Reproductive hormones are another important humoral factor in the genital tract. The bactericidal activity of serum and vaginal fluid obtained from mice in early metoestrous and dioestrous stages may be enhanced by the effect of progesterone, although the concentration of hormones was not measured in this study. This assumption is based on the report by Salt showing that oestrogen enhanced gonococcal growth, whereas progesterone greatly inhibited it.24 Furthermore, Rank et al showed that oestradiol treatment produced chlamydial genital infection of greater intensity and longer duration than in control guinea pigs.25 Previous work in our laboratory has shown that female mice were more susceptible to genital infection with N gonorrhoeae at late proestrous or early oestrous stages, when oestrogen levels are highest.4 As many factors are related to hormonal activity, the exact relation between it and defence systems in the genital tract of mice requires further study.
Cellular responses in immune mice after gonococcal inoculation were different from those in control mice. Infiltration of polymorphonuclear leucocytes was seen much earlier in immune mice than in control mice, and immune mice showed about a hundredfold increase in the total leucocyte counts in the genital tract 24 hours after challenge. In addition, immunisation with purified ribosomal fraction induced delayed hypersensitivity, as measured by footpad responses. This could be detected one week after immunisation, and infectivity was greatly reduced after delayed hypersensitivity had been induced. These findings suggest a role for cellular immunity in protection of the mouse against gonococcal genital infection. The actual contribution of delayed hypersensitivity to an early response in the genital tract of immune mice, however, is not clear in this study. This is because the chemotactic factor for polymorphonuclear leucocytes, as one of the T cell products in a delayed hypersensitivity reaction, has not been identified, as it has for mononuclear cells. It is easier to understand 
